Patients admitted with suspected acute myocardial infarction in whom the diagnosis is not confirmed have a high risk of cardiac events after discharge.'l The risk is almost as great as it is in patients discharged after a confirmed myocardial infarction.'2 A method for identifying subgroups of high and low risk patients without acute myocardial infarction would be clinically useful. High risk patients could be considered for further investigations or close follow up, whereas low risk patients could be reassured about their prognosis.
Thallium scintigraphy at rest and during exercise is a sensitive and specific predictor of ischaemic heart disease. 4 5 It has been used to identify high risk Requests for reprints to Dr Jan Kyst Madsen, Medical Department B, Rigshospitalet, University Hospital, Blegdamsvej 9, DK-2100 Copenhagen, Denmark.
Accepted for publication 1 June 1987 groups in patients with chest pain,6 7 and in patients with recent acute myocardial infarction.8 9 The purpose of this prospective study was to evaluate whether thallium scintigraphy alone or in combination with exercise electrocardiography could identify high and low risk groups of patients admitted with chest pain without confirmed myocardial infarction.
Patients and methods
One hundred and fifty eight patients admitted with suspected acute myocardial infarction in whom this diagnosis was not confirmed were examined by exercise and rest thallium scintigraphy and exercise electrocardiography. Figure 1 shows that in a one year period (November 1 1981 Madsen, Stubgaard, Utne, Hansen, van Duijvendijk, Reiber, Christoffersen defined as ST segment deviation (b) or uninterpretable (c).
Thallium chloride (2 m Ci) was injected intravenously one minute before the patients stopped exercising. Imaging was performed 5-10 minutes after the end of exercise and repeated after four hours.
Three images were acquired in 64 x 64 matrices with a GE Maxicamera large field of view: these were in anterior and left anterior oblique projections at 450 and 650. A zoom factor of 1-4 was used and 350 000 counts were registered in the matrices. The total radiation exposure was approximately 140 mrad. The scintigrams were processed on a DEC gamma-l1 system by a quantification procedure developed at the Thoraxcenter.10 The orientation of the redistribution images was adjusted for rotation and translation with respect to the corresponding exercise images by interaction with the computer system until the same orientations were obtained visually. After automated left ventricular contour detection and interpolative background subtraction, circumferential profiles were computed at 60 intervals. The profiles of the exercise and redistribution images were normalised for the maximal value in the immediate post-exercise images (100%) excluding the outflow tract of the left ventricle. The analogue pictures from the gamma camera, the processed images, and the circumferential profiles were analysed by three independent observers without knowledge of the clinical or exercise electrocardiographic data. The interpretations of the three observers were compared and disagreement was resolved by consensus.
The thallium uptake in a total of nine segments in the three views was scored as normal or abnormal in the immediate post-exercise and redistribution images. The following segments were defined: posteroinferior, apical, and anterior in the anterior view; anteroseptal, apical, and posterolateral in the left anterior oblique 450 view; and anterior, apical, and inferoposterior in the left anterior oblique 650 view. The scintigrams were considered to show: (a) persistent defects if one or more segments showed abnormal areas without redistribution, (b) transient defects if one or more areas were initially abnormal, but later showed redistribution, or (c) normal uptake if both images were normal in all three views. The total number of permanent or transient defects and the locations were also calculated.
FOLLOW UP
The patients were followed from 12 to 24 months (median 14 months). Information on death was complete. It was obtained from the National Person Registration Office; in these cases further information was obtained from hospital records or death certificates. Information about acute myocardial infarction was obtained from the County Central Registry, which contains information on all hospital admissions in the county. To cover the possibility of patients suffering an acute myocardial infarction outside the county all patients were sent one questionnaire and one reminder. Ninety five per cent answered the questionnaire. All recorded acute myocardial infarctions occurred in the county.
STATISTICAL ANALYSIS
In the failure-time analysis a cardiac event was used as the end point. Non-cardiac deaths were excluded and only the first appearance of a cardiac event was considered. The probability of a cardiac event-free period after discharge was estimated by the KaplanMeier method, corrected for possible delayed entry.'' 12 The patients were considered to be at risk from the time of investigation until a cardiac event or censoring (or from time of discharge if the investigation was performed before discharge). The estimated cardiac event-free curves for groups were compared by the log-rank test.'2
Results

FOLLOW UP
During follow up there were 10 cardiac events in the patients in whom exercise electrocardiography and thallium scintigraphy were performed. These were eight non-fatal acute myocardial infarctions, one fatal acute myocardial infarction, and one sudden death. Five events occurred within three months.
Eight cardiac events occurred in the 59 patients scheduled for thallium scintigraphy in whom the procedure could not be performed for reasons mentioned earlier (fig 1) . The prognosis for these patients was slightly worse than it was in the 158 patients in whom thallium scintigraphy was performed (p < 0-05). The purpose of this study was to see whether it was possible to identify different risk groups of patients without confirmed acute myocardial infarction by thallium scintigraphy alone or in combination with exercise electrocardiography. The presence of transient defects on thallium scintigraphy was significantly associated with later cardiac events (fig 2) . Although the combination of permanent and transient defects identified eight out of 10 patients with cardiac events in the observation period, scintigraphy alone was not a specific indicator of prognosis, because permanent defects on their own were not related to prognosis.
These results accord with previous studies that have shown that thallium scintigraphy gives prognostic information on patients evaluated for chest pain. 6 Iskandrian et al showed that the number of defects, transient or permanent, and the presence of perfusion defects were the two most important independent predictors of cardiac events in such patients. 7 Patients with chest pain and normal thallium scintigraphy have a good prognosis. 16 17 The prognosis in patients in whom thallium scintigraphy was not possible was slightly worse than that in patients in whom it was performed. The selection of patients for scintigraphy was determined randomly by factors independent of the study. Thus the difference in prognosis must have occurred by chance.
ST segment depression during exercise was associated with an unfavourable prognosis, and a normal ST segment was associated with a good prognosis ( (table) is slightly different, ,and in this study thallium scintigraphy gives the best differentiation between groups. A combination of the two methods gave the most information about prognosis (fig 3) . The patients ,could be divided into three groups according to the event free ratei after one year: (a) a low risk group with two normal tests, making up two thirds of the total group, where 98.8% were event free; (b) a high risk group with two abnormal tests, 12% of all patients, of whom 78&8% were event free; (c) a medium risk group, making up one fifth of the population, with one abnormal test only in whom 908% were event free. Differences between risk grQUps did not become apparent until 3-6 months after assessment.
The study design meant that we studied younger patients with chest pain and without severe disease, other than possible coronary heart disease. Nevertheless, the results show that both exercise electrocardiography and thallium scintigraphy can identify high and low risk groups. The combination of the methods adds further prognostic information. Most patients are at low risk and such patients can be reassured about the probable benign nature of their chest pain and can be discharged without the need for outpatient follow up or further investigations. Patients with aihigh risk should be followed closely after discharge.
